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Let's consider the LQ problem with linear dynamic systems x k+1 = Ax k + Bu k · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · (1) y k = C k x k · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · (2) and control performance index
. · · · · · · · · · · · · · (3)
where, x k ∈R n , u k ∈R m , y k ∈R l are the state vector, the input vector, the output vector respectively. The sensor matrix C k ∈R l×n is selected as C k ∈{C 1 , · · · , C S }. And the output weighting matrix Q k ∈R l×l is selected as Q k ∈{Q 1 , · · · , Q S } depending on the matrix C k . Then LQ problem with sensor selection is to determine optimal sensor sequence {C * k } and optimal input sequence {u * k } so as to minimize the control performance eq.(3) for the system in (1),(2). This problem is difficult to be solved because of the combinatory property. So, in this paper we discuss with the uniqueness of the solution and the comparability of sensor.
By substituting (2) into (3), the control performance is rewritten as
· · · · · · · · · · · · · · (4) Qj = C T j QjCj · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · (5)
Following the solution of the usual LQ problem in the case of fixed sensor sequence {C k }, we assume the algorithm of the solution for this problem as follows.
Now we define the comparability of sensors as follows.
[Definition] If the following holds Q(C i ) ≥Q(C j ) · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · (6) then the sensor C i (i = 1, · · · , s) is comparable for the sensor C j (j = 1, · · · , s, i = j).
Then, we have the following main theorem for the case of two sensors.
[Theorem 1]
If the sensor C 2 is comparable for the sensor C 1 , then the sensor sequence {C 1 , · · · , C 1 } is an optimal sensor sequence.
From Theorem 1, if the sensor C 2 is comparable for the sensor C 1 , the sensor sequence{C 1 , · · · , C 1 } can be an optimal sensor sequence, and we can show that the solution can be decided uniquely.
[Corollary]
If the sensor C 2 is comparable for the sensor C 1 , then M0(C 2 , · · · , C 2 ) ≥ M0(C 1 , · · · , C 1 ) · · · · · · · · · · · · · (7)
This Corollary shows that, in the system with the sensor comparability, the relation between magnitude of the corresponding performance index insists in the condition.
In the case with using observer, we must consider the augmented system of the system and observer, so that this problem becomes more complex and the transition matrix depends on each control step and is influenced with the sensor. Taking notice these points, we yield a sufficient condition for deciding the solution uniquely.
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